Introduction
The most widely accepted measure of treatment response in patients with pulmonary tuberculosis (TB) is the disappearance of acid fast bacilli (AFB) from both sputum smear and culture. The number of bacilli decreases rapidly after the start of treatment and in three weeks approximately 80-85% of sputum smears become negative for AFB [1] , but in some patients, even without drug resistance, the time to sputum sterilisation is longer. Furthermore, of the multiple risk factors of relapse that have been studied, the most important diseaserelated factor is probably the presence of positive culture on completion of the 2-mo initial phase of therapy [2, 3] .
Tobacco smoking has increased substantially in developing countries over the past three decades and it is in these countries that most of the morbidity and mortality due to TB occurs. Nowadays, there is strong evidence that smokers, when compared with people who do not smoke, have an increased risk of contracting active TB and it being fatal, but there is insufficient evidence to support an association between smoking and other outcomes such culture conversion [4] [5] [6] , although there are a few studies that discuss this topic purely in relation to smokers.
With this in mind, we performed an observational study to identify the factors influencing sputum culture conversion in smokers with pulmonary tuberculosis.
Material and methods

Patients
We retrospectively analysed all patients, current smokers, with pulmonary TB diagnosed in our Department between May 1997 and December 2007. All cases were negative in the HIV serologic test.
The exclusion criteria were as follows: resistance to more than one first-line antituberculosis (antiTB) drugs, patients unable to collect sputum smears after beginning treatment, patients who did not attend their scheduled appointment or died during antiTB treatment.
We used Ziehl-Neelsen staining to document AFB in sputum smear. fied by DNA hibridation with genetic probes (Accuprobe  , Gen Probe, San Diego, LA, USA) and by conventional methods.
Patients started antiTB treatment according to the guidelines of the Spanish Society of Pulmonology and Thoracic Surgery (SEPAR) [7] in a 6-mo regimen with isoniazid (H), rifampin (R), pirazinamide (Z), with or without ethambutol (E), when the first positive smear was detected.
The Canetti, Rist and Grosset method (BMérieux, France) was used to study sensitivity to the following antimicrobials: H (0.2 and 1 µg/ml), streptomycin (4 and 10 µg/ml), E (2 and 3 µg/ml), R (20 and 40 µg/ml), PAS (0.5 and 1 µg/ml) and Z (200 µg/ml).
Sputum smear test was performed at the first, second, fourth and sixth month after antiTB treatment commenced.
This evaluation was approved by our Investigational Review Board and it was deemed that patient consent was not necessary when the study started.
Variables
The following variables were recorded: age, gender, pack/year index, comorbid diseases, sputum smear examination, radiological findings, drug susceptibility pattern and initial treatment. All these variables were correlated with the results of sputum culture in liquid mediun at second month after starting antiTB treatment.
Radiologic findings were classified as limited or extensive disease.
Sputum smear was graded as follows: no AFB/300 fields (negative), 1-9 AFB/100 fields (+), 1-9 AFB/10 fields (++), 1-9 AFB/field (+++) and >9 AFB/field (++++) [8] .
Initial treatment was codified as 3 or 4, according to the number of drugs employed.
Definitions
The following definitions were established: extensive disease as infiltrates involving at least 75% of lung fields or presence of cavities totalling at least 15 cm in diameter [9] , initial treatment as the therapy initiated when the first sputum smear or culture was positive.
Statistical analysis
Quantitative variables were expressed as means and qualitative variables as percentages. Student's t-test was used to compare quantitative variables and chi-square distribution for qualitative variables.
A logistic regression model with forward stepwise conditional methods was used to identify factors that could have influenced culture conversion. Persistent sputum culture positivity at the end of 2 months of treatment was a dichotomus dependent variable.
A p value of <0.05 was considered to be statistically significant.
Results
Overall Results
During the study period, 102 patients with smoking history were diagnosed with TB, 7 of whom met at least one of the exclusion criteria. The final study sample consisted of 95 patients with 33.05 pack/year index SD 19.98, mean age 44.2 years SD 14.75, 77 were males and 18 females. 26 patients (27.3%) had concomitant diseases, diabetes mellitus, found in 16 patients, being the most frequent. Four patients had a history of injection drug use and 30 had a history of alcohol consumption, although alcohol abuse was recorded only in three patients.
AFB were identified in sputum smear in 76 cases (80%) and treatment was started with three drugs in 85 patients (89.4%). 91 patients were treated by self-administered therapy and four by directly observed therapy (DOT) and treatment outcome according with WHO indicators was: cured in 94 and default in one. A drug susceptibility test was available in all cases and resistance was found in nine (9.4%) sputum culture isolates, six being resistant to H, two to R and one to S.
The disease was classified as extensive in 32 patients (33.6%).
General characteristics of the patients according to gender are shown in table 1.
Culture conversion
Sputum culture was positive after one month in 36 patients (37.8%): 27 males (35%), 9 females (50%), and after two months in 26 (27.3%): 18 males (23.3%) and 8 females (44.%). Figure 1 represents the 'distribution over time' of culture conversion.
As shown in table 2, in univariate analysis, time to culture conversion was significantly associated with female gender (p=0.03) and extensive disease (p=0.01).
In logistic regression analysis the likelihood of persistent culture positivity on completion of the 2-mo initial phase of therapy was only correlated with female gender (table 2) .
Discussion
Drug treatment of active pulmonary tuberculosis is a key factor in interrupting the transmission of this disease. Although the specificity of AFB in sputum in the diagnosis of TB is over 98%, it remains a poor measure of infectivity because in some patients with negative smears, bacilli can be detected in culture medium and these cases may be responsible for transmission of at least one in six patients with pulmonary involvement [10] , so it would be very important to identify factors that could delay culture conversion. In this sense, factors such as the number of AFB in initial sputum smear, extensive cavitary disease [11] [12] and the number of drugs initially employed [13] have been studied well.
There is limited data available to associate smoking and culture conversion but it is well recognised that tobacco consumption and TB are highly prevalent in many countries, especially in developing countries where the percentage of patients with smoking history is around 54% [14] ; therefore the interaction between tobacco and TB epidemics is an important public health issue. Therefore further investigation into the factors that prolong the infectivity period in smokers with TB disease could be of interest. In this study the above factors were analysed in patients with current smoking history, only the female gender being found to be independently associated with culture conversion. Few studies have addressed this topic. However, Abal et al [15] in a sample of one hundred and eighty-three current smokers with pulmonary TB reported that the sputum smear status, no culture, at second month of treatment was correlated with the number of AFB in smear sputum and foreign-born patients, although these results could not be verified in female smokers since only two females were included. The influence of gender on culture conversion in the present study may be due to higher frequency of extensive disease at presentation in women, as shown in table 1, but when both variables were included in the logistic regression analysis a correlation was only established with gender, thus we believe that delayed conversion is specifically related to sex but not to the extension of the disease.
As in other studies [12] [13] no association was found between drug resistance and culture conversion.
An important finding of the present study is that around one half of the women smokers with pulmonary TB had a longer time to culture conversion and this could have implications for transmission and relapse of the disease; therefore medical advice and counselling in smoking need to be reinforced in this population. Such activity would be more important in low-income countries as well as our own country which, together with Portugal, has the highest incidence rates of TB in Western Europe.
The mechanisms behind the link between smoking and TB are unclear. A large body of scientific evidence suggests that cigarette smoke inhibits the production of tumour necrosis factor-alpha by macrophages in the lung, which plays a role in containing the intracellular growth of M. Tuberculosis, and also reduces macrophage apoptosis which promotes the killing of mycobacteria [16] . Other potential mechanisms by which smoking may attenuate mycobactericidal activity include oxidative stress mechanic disruption of cilia function and other clearance mechanisms in the tracheobronchial system. Finally, it has been shown that time culture conversion is related to vitamin D receptor gene polymorphisms [17, 18] . All the above would cause a slow response to antimicrobials, but unfortunately it has still not been demonstrated that these changes are more prevalent in women smokers and whether they reflect a greater sensitivity to the effects of tobacco smoke as has been shown in other diseases such as lung cancer and chronic obstructive pulmonary disease. This could prove interesting for future research.
The present study has certain limitations. First, the sample size is small, therefore our results must be interpreted with caution. Second, we can not ensure treatment adherence because in the majority of cases the treatment was self-administered and DOT was only offered to "likely defaulters", but we believe that its influence in final results is limited because our group of patients for their characteristics (no HIV, no history of homelessness, low frequency of injection or noninjection drug use or alcohol abuse, no incarceration and all attending routine appointments) had a low risk of nonadherence [19] and, in randomised controlled trials, the completion and cure rates of treatment [20, 21] and the proportion of negative sputum cultures after two months [22] were not lower among self-administered patients than among those on directly observed therapy. Furthermore, several aspects that promote adherence should be emphasised: more than 90% of antimicrobials were given together in the same pill and it should be borne in mind that our National Health System ensures universal free coverage with totally or partially financed treatment; other authors have suggested that in our country is possible to obtain good completion rates without resorting to DOT in all patients [23] .
In addition, it could be surprising that about 89.4% of patients were treated with three drugs, but as we mentioned above the initial treatment regimen was decided according to the guidelines of Spanish Society of Pulmonology and Thoracic Surgery and it has been suggested that it is very likely that an initial regimen without E would be a valid treatment option for most Spanish born-patients because E is included in standard regimen to cover the possibility of high primary resistance to H and the prevalence of this in Spain has not yet been determined with precision [24] . Furthermore, the National Plan for Prevention and Control of Tuberculosis in Spain, recently published [25] , establish that the regimen without E may still be valid in the regions of our country where the overall rate of resistance to H is under 4%. In this sense, we want to emphasise that in a national multicentre study with 1493 cases the percentage of H resistance in native population was 3.5% [26] and in our sample the proportion of immigrants was only a 5%. Finally, another potential limitation is the absence of a control group, but the real aim of our study is to analyse the factors influencing culture conversion in smokers and not the role of smoking in the speed of culture sterilisation; this issue has been discussed in a previous study of our group, recently published [27] . Nevertheless we have prospectively collected all cases of pulmonary TB diagnosed in our department and we have a historic control group of fifty-five patients non-smokers (27% women). This group was homogeneous with respect to the the group of smokers in all variables studied and culture status at second month was not correlated with gender.
In conclusion, we found that in pulmonary TB in patients with smoking history, the time to culture conversion is related to female gender, although prospective studies on a larger scale are required to confirm this issue.
